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EFFECTS OF SYMMEZRIC AND AWMMECRIC THKUST REKERSAL ON

TEE AERODYNAMIC CHARACTERISTICS OF A

A TWIN-ENGINE AIRPUME

By Kenneth W. Goodson and John W.

MODEL OF

Draper

An investigation has been conducted with a twin-engine airplane
model in the Langley 300 MPH 7- by 10-foot tunnel to determine the magni-
tude of the changes in aerodynamic forces and moments resulting from pro-
peller pitch reversal. The effects of both positive and negative thrust
coefficients were investigated at a Reynolds number of 550,000. The
investigation indicated that the lift, longitudinal-force, and pitchhg-
moment coefficients varied almost linearly with total thrust coefficient
through the negative and positive thrust range. The lateral-force,
yawing-moment, and rolling-moment coefficients were found to vsxy as
approxhately linesr functions of asymmetric thrust coefficient. From
analyzing the basic data of the investigation, a method is suggested
which will give a reasonable estimate of the effects of thrust reversal
on the aerodynamic characteristics of an airplane by using existing wind-
tunnel data. The investigation showed that, for extreme asymmetric-thrust
conditions, the rolMng smd yawing moments are of such magnitudes that
marginal.or inadequate lateral and directional control may possibly be
encountered on twin-engine airplanes.

INTRODUCTION

Numerous twin-engine and multienginedairplanes have experienced
difficulty in maintaining flight because of the large untrtied forces
and moments obtained when one or more of the propellers inadvertently
move to reverse pitch. An investigation of the forces eqerienced on a
twin-engine airplane (tiactor propellers) with symmetric or asymmetric
thrust reverssl has been made in the Langley 300MFH 7- by 10-foot tun-
nel. The investigation was made with a model representative of a typical
tldn-engine airplane.

.



2 NACA TN 2979

Static-force tests were made through the lift-coefficientrange
up through the stall to determine the effects of various amounts of posi-
tive and negative thrust on the longitudinal and lateral aerodynamic
forces and moments of the model. The tests included both symetric-
and asymmetric-thrust conditions through a negative and positive thrust
range. Rudder and aileron effectiveness tests were made to determine
whether the controls were capable of trimning out the moments resulting
from maximmn-asymmetric-thrustconditions. Some results of the side-
slip characteristics of the model with asymmetric thrust through an
angle-of-sidesMp range are also presented.

A method of esthatimg the aero@mnic forces and moments caused by
asymmetric-thrust conditions has been developed through analysis of the
test data.

An example of performance calculations to cover asymmetric-thrust
conditions and an estimate of the untrimned moments aud forces caused
by asymmetric thrust as compared to the available control power are
presented.

SYMBOLS

AU forces and moments sre presented with respect to the stabili~
sxes and are referred to a center-of-gravity location of 25 percent mean
aerodynamic chord of the model. A sketch showing the positive directions
of the forces, moments, and angles is given in figure 1.

.
w weight, lb

s wing area, sq ft

E mean aerodynamic chord, ft

b wing span, ft

Y lateral distance from fuselage center line to center line of
thrust, ft

~ -C presswe, $$, lb/sqft

P mass density of air, slugs/cu ft

v free-stxeam velociQ, ft~sec

vi indicated veloci~, mph .

—
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wing 10X, lb/sq ft

angle of attack of fuselage center line, deg

angle of sideslip, deg

Liftlift coefficient, —
C@

Drag
drag coefficient, —

q-s

IOngitudinal force
longitudinal-force coefficient,

C@

Pitching nm’ment
pitching-moment coefficient,

qsE

yawing-moment coefficient,
Yawing moment

qsb

Rolling mxnent
rolling-moment coefficient,

q%

lateral-force coefficient,
Lateral force

qs

incremental change in lift coefficient caused by change in
total thrust coefficient

incremental change in pitching-moment coefficient caused by
change in total thrust coefficient

ticremental change in rolling-moment coefficient caused by
asymmetric thrust coefficient

incremental change in yawing-moment coefficient caused by
asymmetric thrust coefficient

incremental change in lateral-force coefficient caused by
asymmetric thrust coefficient

tail incidence with respect to fuselage center line, deg

_————_—. _..—— —.
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.
tif wing flap deflection, deg

8~ aileron deflection, deg

% rudder deflection, deg

T thrust, lb

Tc ‘ effective thrust coefficient, Thrust
C@

NTc t thrust-coefficient differential caused by asymmetric thrust;
positive when a positive yawing moment is produced,

Te‘
L

-T1
CR

Subscripts:

R right

L left

a aileron

r rudder

APPARATUS AND mm

Description of Model

The investigation was made h the Langley 300 MPH 7- by 10-foot
tunnel with a model of a typical twin-engine airplane. A sketch of the
model is presented in figure 2 and a photograph of the model mounted in
the tumnel is shown in figure 3, whereas table I presents the physical
characteristics of the model. The airfoil section used on the wing was
19 percent thick at the root and 15 percent thick at the tip. The model
wing had an aspect ratio of 10.07 and a taper ratio of 0.388. b general,
the model was constructed of wood with steel reinforcing mWbers.

The geometric characteristics of the cast-alumimum model prope~er
as compsred to a representative fuU-scale propeller are given in fig-
ure 4. The thiclmess ratio of the model propeller was shown to be more
than twice that of the representative full--scalepropeller. As the
thickness primsrily influences the torque coefficient and since the
torque of the model propeller was too small to be measured by the tunnel
balance system, thiclmess effects were neglected in this investigation.
The blade angles used in the tests (18° at 0.75R for positive thrust
conditions and 0° at 0.75R for negative thrust conditions) were selected

.
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to simulate the
negative thrust

thrust that might be encountered in both the normal and
ranges of a twin-engine a-lane.

The model propellers were driven by two independently operated,
water-cooled, vsriable-speed 16-horsepower electric motors. The rota-
tional.speed of the propeUers was tidependently determined by obsem-
tion of stroboscopic-Q’pe indicators which indicated the output frequency
of each of two small alternators connected to the motor shafts. The
accuracy of the frequency indicators was within ~0.05 percent.

The model was equipped with one pldn flap-tree aileron located on
the left wing, double slotted lift flaps, an adjustable horizontal tail,
and an adjustable rudder.

Tests were made at
foot, which corresponds

Tests

a dynamic pressure of 12.25 pounds per square
to a Reynolds number of 5~,000 based on the

mean aerodynamic chord of the w@.

A propeller calibration was made with the propeller mounted in front
of a stresulined fairing which housed the driving motor. ~ch propeller
was calibrated by measuring the resultant longitudhal force with the
prope~er thrust-axis at 0° angle of attack for
speeds and blade-angle settings. The effective
computed from the following relationship:

T=%n-%ff

a range of propeller
thrust coefficients were

T
TC1 =—

$%

where ~n is the longituti force obtained with the propeller oper-

at~ ~ %ff is the longitudinal force of the fairing with the propeller
removed. The propeller calibration was checked on the model and no appre-
ciable interference effects were noted.

For the constant-thrust-coefficienttests, the propeller speed was
held constant while the angle of attack of the model was varied. The
thrust coefficients investigated for an individual propeller ranged
from O.167 to -0.1~.

———-—— . — -——
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Corrections .

The angle-of-attack, longitudinal-force, and pitching-moment results
have been corrected for jet boundary effects computed by the methods of

.

reference 1. All coefficients have been corrected for tunnel blockage
by the method of reference 2.

Corrections for tare forces and moments produced by the interference
of the support strut have not been applied. The strut tare correction
would affect the absolute levels of the drag and pitching-moment curves;
however, past experience has shown that this would not appreciably affect
incremental results and therefore should not alter any conclusions made
in the present paper. For the tests in sideslip, the strut tare would
produce small corrections to the pitching-moment, longitudinal-force,
lateral-force, and yawing-moment coefficients. The tares caused by the
restraint of the power cables and cooling-water -bibingwere erratic,
especially when the model was moved through 0° sideslip. Care was exer-
cised, in making the investigation, to reduce these tares to a minimum;
however, it is felt that for the sideslip tests only the values of forces
and moments beyond values of sideslip of ~“ should be used in the analysia
of the data.

Vertical bouyancy on the support strut, tunnel air-flow misaline-
ment, and longitudinal-pressuregradient have been accounted for in com-
putation of the test data.

RESUGTS AND DISCUSSION

Presentation of Data

The figures of the basic data, cross plots, and performance calcu-
lations are presented as follows: All data are presented for the com-
plete model unless otherwise noted.

Figure

Effect of mode of rotation of propellers for
asymmetric-thrust conditiona . . . . . . . . . . . . . . . . . . . 5

~fectof landing gear. . . . . . . . . . . . . . . . . . . . . . . 6
@sic data inpitchattitude . . . . . . . . . . . . . . . . . 7to12
Control data.. . . . . . . . . . . . . . . . . . . . . . . . 13 to 16
Basicsideslipdata . . . . . . . . . . . . . . . . . . . . .17t020
Analysis ofbasicdata. . . . . . . . . . . . . . . . . . . . 21t025
~icalperformance and control estimates . . . . . . . . . . 26 to ~

..——— —— .
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Basic Data

Characteristic in pitch attitude.- The characteristics of the model
were quite similar when the right propeller instead of the left propeller
produ~ed the negative thrust as shown in figure ~. The effect of extending
the land.ing.gearis shown in figure 6. As no appreciable effects of pro-
peller mode of rotation or of extending the landing gear were evident,
the remaining tests were made with the landing gear retracted and with
asymmetric-thrust conditions being produced only by the left propeller.

The basic data presented in figures 7 to 12 indicate that the lift
coefficient increased as expected with increased thrust while the lateral
moments varied as a function of asymmetric thrust. These data show that
a large thrust differential and large negative symmetric-thrust conditions
caused an abrupt roll-off above the stall (a ~ 170). It should be noted,
however, that the stall progression might very well.be affectedly the
low Reynolds number (550,000) of these tests.

Characteristics in sideslip.- The effects of asymmetric thrust on
the characteristics of the model in sidesl.ipare shown in figures 17 to
20 with the flaps neutral and deflected. The rudder characteristics for
asymmetric-thrust conditions in sideslip are shown in figure 17. The
results of the tests in sideslip should in most cases be used only beyond
&O sideslip where the erratic restraining forces of the power cable ae
assumed to be small.

Analysis of Effects of Symmetric and Asymetric Thrust

on the Aerodynamic Characteristics

In an attempt to analyze the data obtained in this investigation,
cross plots of figures 7 to Xl were made to determine the effects of
thrust coefficient on the aerodynamic characteristics. (See figs. 21
to 24.)

The scatter of the test points in the cross plots couldbe caused
in part by the absence of the propeller normal force for the test con-
ditions of zero thrust when both propellers were removed and for some
of the asymmetric-thrust conditions when one propeller was removed. Esti-
mates of normal force of these propellers (ref. 3) indicate that the
normal-force corrections to lift coefficient are small but their effect
on pitching moment are of significant magnitude and would tend to decrease
the scatter in the data. Conditions where one or both of the propellers
me removed are indicated by the flagged symbols.

The cross plots of lift ((a) parts of figs. 21 to 24) show that the
lift coefficient appears to be proportional to the total thrust coeffi-
cient and that the lineari~ holds true through both the negative and

—
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positive thrust-coefficient ranges tested. In cases where there is a
.

large variation in the sizes of each incremental wing area immersed in
the propeller slipstream (for example, a four-engine airplane with tapered
wings), the curves might depart from linearity. In this case, if lift

.

were plotted against
1( )

Effective thrust coefficient X Area in slipstream ,

a linesr variation would probably result.

If the effects of thrust on lift coefficient are not available by
experimental methods, an esttite of the ~ against Tc’Totil curve

(tail off) can be made by adding the slipstream components predicted by
reference 4 and the thrust conrponenk(Tc’ sin a). (See fig. 25. ) The
curves obtained in this manner underesthate the experimental values at
the higher thrust coefficients (see, for example, fig. 25); however,
reasonable agreement canbe obtained if a linear fairing is made through
the low-thrust-coefficientrange and extended into the directions of
both positive and negative thrust. An examination of the cross-plotted
data showed that the pitching-moment coefficients also varied linearly
with totil thrust coefficient. Comparison of tail-on and tail-off data
(figs. 21 to 24) shows that the tail contributes to the lift and pitching
moment, but does not appreciably alter their linearity with total thrust
coefficient.

These data show that, on multienginedairplanes, differences in
thrust between propellers produce asymmetric lift loadings over the wing
which result ti rolling moments about the center of gravi~ of the air-
plane; also, that such a thrust differential would produce yaxing moments
as a result of the individual thrust loads. Simple analysis hased on
figures !21to 24 shows that rolJ@g moments for this model can be Pre-
dicted if the changes in lift caused by the propeller slipstreams are

multipliedby the momdnt arm of each propeller ~~. The rol.ling-

moment coefficients obtained from such lift increments generally slightly
overestimate the measured rolltig-moment coefficients (figs. 21 to 24).
The rolling moments calculatedly using lift values obtained by the
empirical method of reference 4 would be somewhat lower than those
obtained from the experimental curve of CL against TC’To~10 Ina

similar manner, yawing moments cm be estimated by multiplying the thrust
differential between propellers by the moment arm. The yawing-moment
coefficients obtained in this manner (parts (b) of figs. 21 to 24) gen-
erally U.nderesthte the values obtained experimentally, possibly because
this method does not include the effects of the slipstream on the wing
and tail or the effect of thrust-axis ticlination.
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Typical Performance and Control Estimates

It should be noted that results presented herein should be interpreted
as being purely illustrative inasmuch as the model tested does not simulate
any specific airplane in all details and since the drag values were not cor-
rected for strut tares. An example of the application of data obtained by
the methods presented in the preceding section is shown in figures 26 to ~.
The airplane used in this example is a scaled-up version of the model tested.
In making perforumce and control estimates it is desirable to have plots
showing the variation of aerozc force and moment coefficients with
total and asymmetric thrust coefficients similar to those of figures 26
ad 27. These curves in conjunction with the curve of trim lift coeffi-
cient plotted against indicated veloci~ (fig. 28) were used to obtain
the thrust required to mintain level flight (fig. 29) and to determine
the change in lateral control moments (fig. %) caused by an asyametric-
thrust condition. In order to fully utilize these plots, the actual
positive and negative thrust characteristics of the full-scale propeller
must be lmown, especially the negative thrust values obtained when a
propeller enters the negative pitch range. The thrust characteristics
of the propellers could be obtained, if available, from the propeller manu-
facturer or could be estimatedby using reference 5.

In order to make the estimates of thrust required for asynmetric-
thrust level-flight conditions more complete, a breakdown of the thrust
required for each propeller should be made shilar to that of figure 30.
Such a breakdown shows the range of conditions in which the airplane has
sufficient thrust coefficient to maintain level flight with one engine
inoperative, as encountered when inadvertent propeller pitch reversal
occurs. Under extreme asymmetric-thrust conditions, a loss in thrust
could be so great that level flight could not be maintained in which
case it would be desirable to bow the rate of descent. A typical rate
of clinibor descent curve extended into the negative thrust range is
shown in figure 31.

It is desirable to lmow the extent of untrimmed lateral-control
moments produced by asymmetric-t-t conditions. A carpet sho~
level-flight untrimned rolJ-ing-smd yawing-moment coefficients produced
by various asymmetric-thrust conditions is shown in figure ~. Included
in this figure are curves showing the control moments produced by
~3@ deflection of the pla~ ailero~ ~th which this model was equipped

and by -300 deflection of the rudder. The control curves were obtained
from figures 13 and 33 from an average curve by assuming the effect of
thrust (for the flap-neutral configuration) on the aileron and rudder
to be negligible. Figure ~ shows that, under certain asymmetric-thrust
conditions, the rolling and yawing moments are of such magnitude that the
aileron and rudder power would be insufficient or marginal in
the airplane. It should be noted that dynsmic effects caused

controlling
by transi-

—————— —— —.
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tion from a symnetric- to an asymmetric-thrust condition might considerably .
alter the control power required. Note that for this model there is an
abrupt roll-off at stall (see basic data, figs. 7 to 12).

CONCLUSIONS

The following conclusions are indicated from the investigation of
the effects of synmetric and asymmetric thrust reversal on the aerody-
namic characteristics of a twin-engine airplane:

1. The lift, longitudinal-force, and pitching-moment coefficients
of a ~-engine atiplane generally varied as linear functions of total
thrust coefficient through the negative and positive thrust ranges inves-
tigated. The lateral-force,yawing-moment, and rolling-moment coefficients
generally varied as linear functions of the asymmetric thrust coefficient.

2. The present tivestigation indicates that reasonable estimates of
the effects of asymmetric thrust on the aerodynamic characteristics of a
multiengineda~lane canbe made if symmetric-thrustdata are available
for obtaining a curve of lift coefficient plotted against total thrust
coefficient. In the absence of experimental data the effects of asym-
metric tmt can be esttmated by a simple empirical method.

3. Estimates indicate that extreme asymmetric-thrust conditions can
result in rollhg and yawing moments which could be of such magnitude as
to result in marginal or inadequate lateral and directional control.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Vs., May 22, 1953.

.
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TABLE PHYSICA.LCHARACTERISTICS .

.wing :
Airfoil section
Root . . . . .
Tip . . . . .

Area, sq ft . .
m, ft....
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Ailerons (plain):

m, ft =*=-
Location
Center line to
Center line to

Chord
~osrd, ft .
Outboard, ft .
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Horizontal tail:
A3rfoil section
Root . . . . .
Tip . . . . .

w, ft ===
Area, sq ft . .
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Tip, ft...
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. ...0 3.22
. . ..- 2.106
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.

. . . . . . .
chord, ft . .
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TABLE 1.- PHYSICAL

Aspect ratio . . . . . .
~idence . . . . . . .
Dihedral, deg . . . . .
Tail length (E/4 wing to
Taper ratio . . . . . .

CHARACTERISTICS

. . . . . . . .

. . . . . . . .

. . . . . . . .
6/4 tail), ft .
. . . . . . . .

Sweepback of leading edge, deg . . . . .

Vertical tail:
Airfoil section
Root and tip . . . . . . . . . . . . .

Area, si ft . . . . . . . . . . . . . .
Span, ft . . . . . . . . . . . . ..OO
Chord
Root, ft . . . . . . . . . . . . . . .
Tip, ft . . . . . . . . . . . . . . .

Sweepback of leading edge, deg . . . . .
Aspect ratio. . . . . . . . . . . . . .
Taper ratio . . . . . . . . . . . . . .
Mean aerodynamic chord, ft . . . . . . .
Tail length (E/4 ~ to E/4 tail), ft .

Rudder:
Chord, average, be~ti hinge line, ft .
Span along hinge line, ft . . . . . . .
Area, behind hinge line, sq ft . . . . .
Area ofbalance, sqft.. . . . . . . .

Dorsal fin:
Area, sqft . . . . . . . . . . . . . .

Engines and propellers:
Wginerating,hp . . . . . . . . . . .
Engine rotational speed, rpm . . . . . .
Propeller diameter, ft . . . . . . . . .
Numberofblades. . . . . . . . . . . .
Inclination of thrust axis . . . . . . .

13

OF MODEL - Concluded

. . . . . . . . . . . 4.88

. . . . . . . . . . Variable

. . . . . . . . . . . 8

. . . . . . . . . . . 3.29

. . . . . . . . . . . 0.400

. . . . . . . . . . . 13.65

. . . . . . 11 percent thick

. . . . . . . . . . . 0.906

. . . . . . . . . . . 1.251

. . . . . . . . . . . 1.005

. . . . . . . . . . . .453

. . . . . . . . . . . 3.45

. . . . . . . . . . . 1.727

. . . . . . . . . . . 0.451

. . . . . . . . . . . 0.765

. . . . . . . . . . . 3.070

. . . . . . . . . . . 0.242

. . . . . . . . . . . 1.260

. . . . . . . . . . . 0.3045

. . . . . . . . . . . 0.1255

. . . . . . . . . . . 0.5053

. . . . . . . . . . . 16

. . . . . . . . . . . 14,000

. . . . . . . . . . . 1.125

. . . . . . . . . . . 4

. . . . . . . . . . . 10 371

—
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Figure 1.- System of axes showing positive directions of forces, moments,
and deflections.
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.

Figure 7.-

v

o
A
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.167 . X7

.063
7oi3 475
450 J50
Rvp. off Prop off

Angle of attack, a, &g AI@ of ohWk,a,deg

(a) Synmetric thrust.

Effects of symmetric and asymmetric thrust on the
characteristics. 5f = 00; it = -4°.

aerodynamic
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Angle of ottock, a, deg Angle of at@ck,a,deg

(b) fkmtiiC thrust.

Figure 7.- Continued.
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T’

.1:0
J67
Prop off

ii

Angle of attack, a, &

T’
J27
.167
Pmpoff

Angle of attack, a, deg

Figure 8.- Comparison of zero, full symmetric and full asymmetric
thrust. A5f =.G-o;it = -4 .
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-8-4048E 162024
Ang18 Of athck,u,deg

NACA TN 2979

.

.

$“ Angle of attack,a, dW

Figure 9.- Effects of asymmetric thrust on the aerodynamic characteristics.
Tail off; af = 00.
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Figure 9.- Concluded.
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.

-.—

<- G
v .167 .167
0 .063 -063
A +275 475
❑ 7150 ,150
0 ROp.off Prq). off

e Angleofottock,a,&g
k
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(a) Symmetric thrust.

Figure 10.- Effects of symmetric and asymmetric thrust on the
characteristics. bf = 27; it = 00..
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(b) hZtiiC thrust.

IELgure 10.- Continued.
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Figure 10.- Concluded.
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Figure 11.- Effects of asymmetric thrust on the aerodynamic characteristics.
. Tail off; bf = 250.
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Angle of attock, a, &g

A WIoff

(a) bf =

Figure 12. - Compariaon of tail-on and

0°.

tail-off

Angle of otto&, a, deg

data. Propell=s removed.
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Angle of ottock, a, dug

NACA TN 2979

(d%
00
A Tail.Off

(b) bf = 29.

Figure X2.- Concluded.

s Angle of ottock, a, &g
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Fime 13.- EPfect of aileron deflection on the aerodynmnic characteristics.
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Figure 14. - lKfect of thrust on the
ailerons deflected.

NACA TN 2979

aerodynamic characteristicswith
5f = 00; it = -4°.
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Figure 15. - ~fect of asymmetric thrust on the
with the rudder deflected. bf =

AngleOf Otfack, u,deg

aerodynamic characteristics
00; it = -4°.
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o Rop off
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❑ -150
v Prop. off
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A 450

Angle of otkk,a,deg

&

Angle of attack, a, &V

Figure 16.- E%fect of asymmetric thrust on the aerodynamic characteristics
with the ~der deflected. bf = 250; it = W.
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Figure 17. - Effect
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(a) bf = 00; it = -40.
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Angle ofsi&wl@,p,&g Angle of SMSIIP,P, &g

(a)bf =OO; it=-4°.

Figure 18. - Effect of asymmetric thrust in sideslip. a = I@; br = 00.
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(b) ~f = 27; it = OO.

Figure 18. - Concluded.
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Angle of stisl@,p,c&
-1.? -8-4 C24812

Angle of s.W9sllp,p, &g

(a) 5f = 00.

Figure 19. - ~fect of asymmetric thrust in sideslip for several angles of
attack. wfi off; ‘l!c’L= -0.lw; TC’R = 0.167.
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(b) bf = 29.

Figure 19. - Concluded.
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Figure 20. - Effect of
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(b) bf = 25°.

Figure 20. - Concluded.

—. .— —.—— —- ——— .——. ,. —. .. —.— ———— .-



46 NACA ‘TN 2979

\

(a) Effect of total thrust coefficient on aerodynamic
characteristics.

Figure 21.- A cross plot of basic aerodynamic data
coefficient. bf = w; q= -4°.

.. .——. —..—

against thrust
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(b) Effect of asymmetric thrust coefficient on

characteristics.

Figure 21. - Concluded.
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(a) Effect of total *t coefficient on aerodynamic
characteristics.

Figure !22.- A cross plot of basic aerodynamic data against thrust
coefficient. bf = 27; it = OO.
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(b) EYfect of asynm?tric thrust coefficient on

characteristics.

Figure 22. - Concluded.
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(a) EYfectof total thrust coefficients onaerodynsm
characteristics.

d-c

Figure 23.- A cross plot of basic aerodynamic data against thrust
coefficient. Tail off; 57 = 00.
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(a) Hfect of total thrust coefficient on aerodynamic
characteristics.

Figure 24. - A cross plot of basic aerodynamic data against thrust
coefficient. !Ibiloff; bf = 250.
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Angle of uttuck, Q, o’eg

(a) Effect of total thrust coefficient on aerodynamic
characteristics.

Figure 26.- Typical plots for various thrust conditions obtained from
plots of linearized aerodynamic characteristics against thrust
coefficient. Tail on; bf = 00; it . ~o.
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~gure 26. - Continued.
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(a) Effect of total’thrust coefficient on aerodynamic
characteristics.

Figure 27.- ‘lypicalplots for various thrust conditions obtained from
plots of linearized aerodynamic characteristicsagainst thrust
coefficient. Tail on; bf = 250; it = OO.
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(a) Concluded.

Figure 27.- Continued.
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Figure 29. - Illustrative variation of total thrust coefficient with trim
lift coefficient for a typical twin-engine airplane. Model drag data
not corrected for strut tares.
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Figure 30. - Illuetrattm variation of indicated velocity with tbruat

coefficient of the right propeller of a twin-engine airplane for vari-

oue incremsnta of thrust coefficient on the left engine. Mcdel drag
data not corrected for sbwt tares. 6f = OO; altitude, ~,033 feet;

~ = 40 pounds per square foot.
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Figure 32. - Effect of thrust coefficient on aileron characteristics.
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Figure ~. - Effect of asymmetric thrust coefficient on the level-flight
lateral control characteristics of a Q_pical twin-engine airplane.

bf = 00; : =40 pounds per square foot.
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